Substrate shuttling between the DnaK and GroEL systems indicates a chaperone network promoting protein folding.
GroEL and DnaK with their cofactors constitute the major chaperone systems promoting protein folding in the Escherichia coli cytosol. The ability of GroEL to bind and promote folding of a substrate released from DnaK led to the proposal that the DnaK and GroEL systems act successively along a protein folding pathway. Here we have investigated the role of both systems in preventing aggregation and assisting refolding of firefly luciferase denatured by guanidinium chloride and heat. We find that DnaK and GroEL compete with each other for binding to non-native luciferase. Addition of ATP and co-operating proteins results in release of luciferase from either chaperone in a non-native conformation. Only a small fraction of luciferase molecules released from GroEL can reach the native state. Instead, the released luciferase must bind repeatedly to the DnaK system, and only then is it able to fold to the native state. Thus, during a folding reaction, DnaK and GroEL do not obligatorily act in succession by promoting earlier and later protein folding steps, respectively. Rather, the two chaperone systems and perhaps others can form a lateral network of co-operating proteins. This chaperone network is proposed to be of particular importance for the assisted refolding of proteins that are unfolded by stress treatment such as heat shock and whose size is too large to allow folding inside the substrate binding cavity of the GroEL ring underneath GroES.